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Description 

Topology for providing clock signals to multiple circuit 
units on a circuit module 



The present invention relates to a topology for providing 
clock signals to multiple circuit units on a circuit module 
and, in particular, to a topology which is appropriate to 
distribute clock signals to multiple memory chips located 
on a memory module. 

An existing clock topology for providing a clock signal to 
multiple memory chips is shown in Fig. 4. The clock topol- 
ogy shown in Fig. 4 is implemented in existing DDR1 and 
DDR2 memory modules . 

The existing memory module comprises a circuit board 10 
provided with multiple edge connectors 12, one of them be- 
ing a clock input 12a. The circuit board 10 can be inserted 
with the edge connectors into a mating plug connector pro- 
vided on a motherboard such that the clock input 12a is 
connected to an external clock line so that an external 
clock signal can be received at the clock input 12a. 

Multiple memory chips 20a to 20i is provided on the memory 
module circuit board 10. In addition, a phase locked loop 
unit 22 (PLL unit) in the form of a PLL chip is provided on 
the circuit board 10. A PLL clock input of the PLL 22 is 
connected to the clock input 12a. A PLL feedback loop 24 is 
connected between a PLL feedback loop output and a PLL 
feedback loop input -of the PLL unit. Moreover, the PLL unit 
22 comprises multiple PLL clock outputs each of which is 
connected to one or more memory chips via corresponding 
clock lines 26. The clock lines 26 are connected to respec- 
tive memory chip clock inputs of the memory chips 20a to 
20i. 
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The PLL unit 22 provides an internal clock signal via the 
clock lines 26 to the memory chips 20a to 20i based on the 
external clock signal received via the clock input 12a, In 
the ideal case, the PLL unit 22 provides the internal clock 
5 signal with a zero phase shift to all memory chips 20a to 
20i on the memory module which can be implemented as a DIMM 
module. Moreover, in the ideal case, the PLL unit 22 pro- 
vides a zero delay from the PLL clock input to the respec- 
tive clock inputs 28 of the memory chips, i.e. the DRAM 
10 chips. 

The topology shown in Fig. 1 has two main disadvantages. 
The first disadvantage is that all clock lines 26, i.e. all 
clock traces, must be matched with respect to length to the 

15 longest one so that the delay provided by the line length 
can be compensated for by accordingly adapting the length 
of the PLL feedback loop 24. As a consequence it is neces- 
sary to provide the clock traces 26 adjacent to the PLL 
chip 22 with a "meander" or "serpentine" structure as it is 

20 shown in Fig. 4. Such structures occupy much area of the 

printed circuit board 10. As a result, in most cases, clock 
signal routing requires a separate layer of a multi-layer 
printed circuit board. Moreover, matching the length of all 
clock traces to the longest one results in a performance 

25 which is inferior when compared to a performance which 

could be obtained when making use of shorter clock traces. 

The other main disadvantage of the topology of the clock 
traces shown in Fig. 1 is that most of the existing PLL 

30 chips designed for memory applications have ten clock out- 
puts, i.e. ten pairs of clock outputs in case of a differ- 
ential signal transmission. In case of a memory module hav- 
ing 36 memory chips (and 1 or 2 memory registers), load is 
four DRAM chips per PLL clock output. This reduces the sig- 

35 nal quality with respect to the slew rate at high frequen- 
cies so that operation at frequencies of more than 166 MHz 
appears to be problematic. PLL chips having 18 to 20 pairs 
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of clock outputs could, in principle, solve this problem, 
but unfortunately such PLL chips do not exist on the mar- 
ket. Moreover, making using of PLLs with 18 to 20 pairs of 
clock outputs would increase the problem concerning the 
5 trace lengths indicated above. 

It is the object of the present invention to provide a cir- 
cuit module having a topology for providing clock signals 
to multiple circuit units on the circuit module which per- 
mits increased clock frequencies when compared to prior art 
solutions . 

This object is achieved by a circuit module according to 
claim 1. 



10 



15 

The present invention provides a circuit module comprising: 

f 

a circuit board; 

20 multiple circuit units on the circuit board; 

at least one clock input on the circuit board for receiving 
an external clock signal ; 

25 a first phase locked loop unit (PLL unit) on the circuit 
board for providing an internal clock signal based on the 
external clock signal to at least a first one of the cir- 
cuit units; 

30 a second PLL unit on the circuit board for providing an in- 
ternal clock signal based on the external clock signal to 
at least a second one of the circuit units. 

The present invention is based on the finding that the 
35 above problems associated with prior art solutions can be 
solved or diminished by making use of more than one PLL 
unit per circuit module. By making use of multiple PLL 
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units, the line length between the PLL unit and the respec- 
tive circuit units can be reduced. Moreover, the load of 
each PLL clock output can be reduced when making use of ex- 
isting PLL chips having ten PLL clock outputs, for example. 

In preferred embodiments of the invention, the circuit mod- 
ule is a memory module, a DIMM module, for example, and the 
circuit modules are memory chips, DRAM chips, for example. 

According to the present invention, the PLL clock input of 
the plurality of PLL units can be connected to the same 
clock input on the memory module board or to different 
clock inputs on the memory module board. Each of the PLL 
units can have associated therewith an individual feedback 
loop. Alternatively, a common feedback loop may be provided 
for two or more PLL units in that an internal clock signal 
is output onto the common feedback loop by one PLL unit, 
the feedback loop branches into multiple feedback loop 
branches and respective versions of the clock signal trans- 
mitted via the respective branches of the feedback loop are 
received by two or more PLL units. 

In the following, preferred embodiments of the invention 
are described making reference to the accompanying draw- 
ings. In the different drawings, elements corresponding to 
each other are provided with the same reference numerals 
wherein repeated separate description of the same elements 
is omitted. 

Figures la and lb show a first embodiment of a memory mod- 
ule according to the invention; 

Figures 2a and 2b show a second embodiment of a memory mod- 
ule according to the invention; 

Figures 3a and 3b show a third embodiment of a memory mod- 
ule according to the invention; and 
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Fig. 4 shows a prior art memory module. 

As it is shown in Fig. la, a memory module according to the 
first embodiment of the invention comprises a module cir- 
cuit board 50a. Multiple circuit chips 20a to 20i are pro- 
vided on one surface of the module circuit board 50a. To 
indicate that a corresponding number of memory chips can 
also be placed on the backside of the module circuit board 
50a, backside chips 52a to 52i are shown in Fig. la offset 
with respect to the memory chips 20a to 20i. The memory 
chips 20a to 20i and 52 can be conventional DRAM chips used 
in existing DDR1 and DDR2 memory topologies. 

The memory module shown in Fig. la is in the form of a DIMM 
module and has multiple edge connectors 12. The module cir- 
cuit board 50a is adapted to be inserted into a mating plug 
connector on a motherboard so that the edge connectors 12 
make contact to mating counterparts of the plug connector. 
As indicated in Fig. la, the edge connectors include two 
board clock inputs 12a and 12b. The board clock inputs 12a 
and 12b are coupled to The board clock inputs 12a and 12b 
will be coupled to clock lines on the motherboard when the 
memory module is inserted into the mating plug connector of 
the motherboard. 



Moreover, a first PLL unit 60 and a second PLL unit 62 are 
provided on the circuit board 50a. The PLL units 60 and 62 
can be formed by existing PLL chips having ten clock output 
ports, for example. A PLL clock input of the first PLL unit 
60 is connected to the clock input 12a, while a PLL clock 
input of the second PLL unit 62 is connected to the clock 
input 12b. A first feedback loop 64 is provided for the 
first PLL unit and a second feedback loop 66 is provided 
for the second PLL unit 62. 
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Respective PLL clock outputs of the first PLL unit 60 are 
connected to clock inputs 28 of the memory chips 20a, 20b, 
20c and 20d via clock traces 70. In addition, each of the 
clock PLL outputs is connected to the clock inputs of two 
5 memory chips, namely 20a and 52a , 20b and 52b, and so on. 
Respective clock outputs of the second PLL unit 62 are con 
nected to clock inputs 28 of the memory chips 20e to 20i 
and 52e to 52i via associated clock traces 70. 

10 The PLL units 60 and 62 receive an external clock signal 
via the clock inputs 12a and 12b and provide an internal 
clock signal based on the external clock signal to the mem 
ory chips. To be more specific, the first PLL unit 60 pro- 
vides the internal clock signal to the memory chips 20a to 

15 20d and 52a to 52d, while the second PLL unit 62 provides 
the internal clock signal to the memory chips 20e to 20i 
and 52e to 52i. 

As can be seen in Fig. la, the trace lengths of the respec 
20 tive clock traces 70 can be reduced when compared to the 
trace lengths of the prior art module shown i,n Fig. 4 by 
making use of two PLL units rather than a single PLL unit 
as in Fig. 1. * 

25 For the purposes of a clear representation, all clock 

traces are shown in Figures la, 2a, 3a and 4 like single 
ended traces, while, in preferred embodiments of the inven 
tion, same are formed by differential traces, as will be- 
come clear from the description of Figures lb, 2b and 3b. 

30 

Fig. lb shows a more detailed diagram of the memory module 
of Fig. la. In Fig. lb, the clock inputs 12a and 12b are 
shown as differential clock inputs. The clock inputs 12a 
and 12b are connected to the first PLL unit 60 and the sec 
35 ond PLL unit 62, respectively , via respective first trans- 
mission lines TL1. In order to prevent reflections at the 
input of the respective PLL unit, respective termination 
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resistors Rl are connected between the differential traces 
of the transmission line connecting the clock input 12a to 
the first PLL unit 60 and the clock input 12b to the second 
PLL unit 62. The termination resistors are provided adja- 
5 cent the respective PLL unit. 

Each of the PLL units 60 and 62 comprises a clock input 
CLKin, multiple clock outputs CLKout, a feedback input FBin 
and a feedback output FBout. The respective PLL clock input 
CLKin is connected to the transmission lines TL1 and TL2 
respectively, to receive an external clock signal applied 
to the clock input 12a and 12b, respectively. 



10 



15 



25 



Each PLL clock output CLKout is connected to two memory 
chips via respective second transmission lines TL2 and 
third transmission lines TL3. Again, termination resistors 
Rl are provided in order to prevent reflections. In a prac- 
tical implementation, the length of the second transmission 
lines TL2 is much longer than the length of the third 
20 transmission lines TL3 . Thus, when considering reflections, 
the lengths of the third transmission lines TL3 can be ne-' 
glected and the respective termination resistor Rl can be 
provided preceding a respective branching point 80 at which 
the transmission line TL2 splits up into two separate lines 
TL3 each of which is connected to a respective memory chip. 

For the purposes of a clear representation, Fig. lb only 
shows the connection of one PLL clock output to both DRAM 
chips 20a and 52a with respect to the PLL unit 60 and the 
connection of one PLL clock output to the DRAM chips 20a 
and 52e with respect to the PLL unit 62. It is clear for a 
man skilled in the art, that each of the PLL units com- 
prises a number of PLL clock outputs appropriate to provide 
a connection to all memory chips of the memory module, 
wherein each clock output is connected to two memory chips 
in the manner described above with respect to memory chips 
20a, 52a, 20e and 52e. 



30 



200250370 

8 



As it is shown in Fig. lb, the first feedback loop 64 is 
connected between the feedback loop output FBout and the 
feedback loop input FBin of the PLL units 60, while the 
5 second feedback loop 66 is connected between the feedback 
loop output and the feedback loop input of the second PLL 
unit 62. The feedback loops 64 and 66 are designed to show 
a behavior between the feedback loop output and the feed- 
back loop input of the respective PLL unit similar to the 

10 behavior of the respective clock traces between the PLL 

clock outputs of the PLL units and the clock inputs of the 
memory chips. To this end, the feedback loops are designed 
with a structure similar to that of the clock traces and 
include a respective fourth transmission line TL4 and a re- 

15 spective termination resistor Rl . The fourth transmission 
lines can have the same line length as the line length of 
the clock trace between the PLL unit and the memory chips. 
In order to take into account the fact that two memory 
chips are connected to each PLL clock output, it may be 

20 necessary to provide an additional capacitor C in the feed- 
back loops. This capacitor C represents a "virtual" second 
load of the respective feedback loop in addition to the 
feedback loop input of the respective PLL unit so that the 
load conditions of the clock traces and the feedback loops 

25 are equalized and the feedback loop shows a behavior simi- 
lar to that of the clock traces. 

As it is known in the art, the PLL units 60 and 62 output 
the internal clock signal to the feedback loops 64 and 66, 

30 respectively via the feedback loop output FBout. Thus, one 
of the normal PLL clock outputs may be used as the feedback 
loop output. The internal clock signal transmitted over the 
feedback loop is received at the feedback loop input FBin. 
The PLL unit controls the frequency of the internal clock 

35 signal based on a comparison of the external clock signal 

applied to the PLL clock input CLKin and the version of the 
internal clock signal received at the feedback loop input 
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FBin. To be more specific, the phase of external clock sig- 
nal applied to the PLL clock input and the phase of the in- 
ternal clock signal transmitted over the feedback loop are 
compared and the internal clock signal output from the PLL 
clock output is controlled such that, in the ideal case, 
phase shift to all memory chips on the memory module is 
zero and delay from the PLL clock input to the memory chip 
clock inputs is, in the ideal case, zero. 

According to the embodiment shown in Figures la and lb of 
two independent PLL units are used. To be more specific, 
each PLL unit has its own clock input 12a and 12b, respec- 
tively, and its own feedback loop 64 and 66, respectively, 
on the circuit board. This solution has the advantage of a 
reduced length of nets between the PLL units and the memory 
chips and the advantage of a reduced area .bccupied by such 
nets. However, in the embodiment shown in Fig. la, two 
separate clock inputs are provided on the circuit board. 
Alternatively, one single clock input could be provided on 
the circuit board as will be described later herein making 
reference to Fig. 3b. Moreover, according to the above em- 
bodiment, each individual PLL chip may have a phase error 
and, in the worst case, the phase error between the right 
and the left part of the memory module will be doubled. 

In Figures 2a and 2b, a further embodiment of the present 
invention is shown in the case of which two PLL units 60 
and 62 share one feedback loop. Moreover, both PLL units 60 
and 62 are connected to the same clock input 12a on the 
module circuit board 50b. 

As can be seen from Fig. 2b, the PLL units 60 and 62 are 
connected to the same board clock input 12a via a first 
portion TLla of the first transmission line and second por- 
tions TLlb of the first transmission line. In this situa- 
tion, a termination resistor Rl is connected between the 
first portion TLla and a branching point 92 at which the 
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first portion TLla branches into the two second portions 
TLlb. The shared feedback loop 90 comprises a common feed- 
back loop portion 90a, a branching point 94, a first feed- 
back loop branch 90b and a second feedback loop branch 90c. 
5 The common feedback loop portion 90a is connected to the 

feedback loop output FBout of the PLL unit 60 and comprises 
a transmission line TL5 and a termination resistor Rl . At 
the branching point, the common portion 90a branches into 
the first feedback loop branch 90b which is connected to 
10 the feedback loop input FBin of the PLL unit 60, and into 
the second feedback loop branch 90c, which is connected to 
the feedback loop input FBin of the PLL unit 62 . Each of 
the feedback loop branches comprises a transmission line 
TL6 . 

15 

As it is indicated by an indication arrow 100, in the par- 
ticular embodiment shown, the number of feedback loop 
branches into which the common feedback loop portion 
branches corresponds to the number of memory chips con- 
20 nected to each clock output CLKout. This may be helpful in 
designing the load of the FBout to be similar to the load 
of CLKout. 

The embodiment shown in Figures 2a and 2b removes a differ- 
25 ence in static phase offset between the PLL units 60 and 
62. To this end, the PLL units 60 and 62 must be placed 
close to each other on the circuit board 50b in order to 
keep a net structure of the feedback loop similar to the 
clock traces between the PLL units and the memory chips. 
30 However, by placing the PLL chips close to each other, the 
line lengths required are increased when compared to the 
embodiment shown in Figures la and lb. By making use of a 
shared feedback loop, the PLL unit 62 does not need a sepa- 
rate feedback loop output, so that that output indicated in 
35 Fig. 2b as a feedback loop output could be used as a normal 
clock output. 
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A further embodiment of the present invention making use of 
a shared feedback loop and providing for reduced clock 
trace lengths is shown in Figures 3a and 3b. As in Fig. 1, 
the PLL units are placed in an unsymmetrical manner spaced 
apart from each other between the circuit chips 20a to 20e. 
The clock inputs of the PLL units 60 and 62 are connected 
to the same board clock input 12a. Both PLL units 60 and 62 
make use of a shared feedback loop 102, wherein, due to the 
spatial distance between the PLL units, the structure of 
the PLL loop is different from the structure of the clock 
traces between the PLL units and the memory chips. An indi- 
cation for this is given in Fig. 3a by line 104. 

As can be seen in Fig. 3b, the clock input of the PLL units 
60 and 62 are connected to the common circuit board clock 
input 12a via a first portion of a first transmission line 
TLla and respective second portions of the first transmis- 
sion line TLlb. A termination resistor is connected between 
the differential lines of the first portion TLla preceding 
a branching point 92. The lengths of the transmission lines 
TLla and TLlb depend on the positions of the PLL units on 
the module circuit board. 

The shared feedback loop 102 comprises a common feedback 
loop portion 102a, a branching point 106, a first feedback 
loop branch 102b and a second feedback loop branch 102c. 
The first feedback loop 102b and the second feedback loop 
branch 102c are similar to each other. The connection of 
the elements of Fig. 3b is similar to that described with 
respect to Fig. 2b. However, in case of Fig. 3b, the feed- 
back loops associated to each of the PLL units have a dif- 
ferent structure when compared to the structure of the 
traces between the PLL units and the memory chips. The 
feedback loop associated to the PLL unit 60 is the feedback 
loop comprising the common portion 102a and the first 
branch 102b. The feedback loop associated to the PLL unit 
62 is the feedback loop comprising the common portion 102 
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and the second branch 102c, Thus, in the embodiment shown 
in Fig. 3, additional elements have to be connected into 
the feedback loop in order to obtain an electrical behavior 
similar to that of the clock traces between the PLL units 
5 and the memory chips. In the embodiment shown in Fig. 3b, 
this is achieved by connecting matching capacitors C Mi and 
Cm2 between the differential lines of the feedback loops 
parallel to termination resistors Rl. In this embodiment, 
the position of the PLL units is optimized for a shortest 
10 possible PLL to DRAM routing. 

Also not explicitly stated above, it is clear that the 
length of the respective clock traces between the PLL units 
and the different memory chips has to be adapted to the 
15 length of the longest clock trace for each embodiment. 

Moreover, it is clear for a man of ordinary skill that ter- 
mination resistors could be positioned at other or addi- 
tional positions in order to achieve the required perform- 
ance with respect to preventing reflections. 



20 
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Claims 

1. A circuit module comprising: 

5 a circuit board (50a; 50b; 50c); 

multiple circuit units (20a to 20e, 52a to 52e) on the cir- 
cuit board; 

10 at least one clock input (12a, 12b) on the circuit board 
for receiving an external clock signal; 

a first phase locked loop (PLL) unit (60) on the circuit 
board for providing an internal clock signal based on the 
external clock signal to at least a first one of the cir- 
cuit units; and 

a second PLL unit (62) on the circuit board for providing 
an internal clock signal based on the external clock signal 
to at least a second one of the circuit units. 

2. The circuit module according to claim 1, wherein the 
circuit module is a memory module and wherein the circuit 
units are memory chips, 

3. The circuit module according to claim 1 or 2, wherein 
each of the PLL units (60, 62) has a PLL clock input 
(CLKin) and wherein the PLL clock inputs of the PLL units 
are connected to different clock inputs (12a, 12b) on the 
circuit board (50a) - 

4. The circuit module according to claim 1 or 2, wherein 
each of the PLL units (60, 62) has a PLL clock input 
(CLKin) and wherein the PLL clock inputs of the PLL units 

35 are connected to the same clock input (12a) on the circuit 
board (50b, 50c) . 
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5. The circuit module according to one of claims 1 to 4, 
wherein each of the PLL units (60, 62) has associated 
therewith a feedback loop (64, 66; 90; 102) designed to 
show a behavior similar to the behavior of a clock signal 
path between the PLL units (60, 62) and one of the circuit 
units, wherein the frequency of the internal clock signal 
is controlled based on a comparison of the external clock 
signal received at a PLL clock input (CLKin) of the PLL 
units (60, 62) and a version of the internal clock signal 
transmitted over the feedback loop. 

6. The circuit module according to claim 5, wherein both 
PLL units (60, 62) share a common feedback loop (90; 102) 
in that a common portion (90a; 102a) of the feedback loop 
is connected to a feedback loop output (Fbout) of the first 
PLL unit (60) and that the common portion (90a; 120a) 
branches into two feedback loop branches (90b, 90c; 102b, 
102c), wherein one of the feedback loop branches (90b; 
102b) is connected to a feedback loop input (Fbin) of the 
first PLL unit (60) and the other of the feedback loop 
branches (90c; 102c) is connected to a feedback loop input 
(Fbin) of the second PLL unit (62) . 

7. The circuit board unit according to claim 6, wherein the 
common portion (90a; 102a) branches into multiple feedback 
loop branches and wherein the number of the plurality of 
feedback loop branches corresponds to a number of circuit 
units connected to one PLL clock output (CLKout) of the PLL 
unit (60, 62) . . 
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Sununary 

Topology for providing clock signals to multiple circuit 
units on a circuit module 

5 

A circuit module has a circuit board (50a), multiple cir- 
cuit units (20a to 52i) on the circuit board (50a) and at 
least one clock input (12a) on the circuit board (50a) for 
receiving an external clock signal. The circuit module has 

10 a first PLL unit (60) on the circuit board (50a) for pro- 
viding an internal clock signal based on the external clock 
signal to at least a first one of the circuit units. In ad- 
dition, the circuit module has a second PLL unit (62) on 
the circuit board (50a) for providing an internal clock 

15 signal based on the external clock signal to at least a 
second one of the circuit units. 
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